INTRODUCTION
============

An increase in the prevalence of overweight and obesity has become a global public health concern ([@B1]). Based on the USA National Health Interview Survey (NHIS) and the National Health and Nutrition Examination Survey (NHANES), adulthood overweight (body mass index, BMI ≥25 kg/m^2^) and obesity (BMI ≥30 kg/m^2^) became highly prevalent during the past decades, reaching 66.3% and 32.2% respectively, in adults aged 20+ in 2003-2004 ([@B2]). A rise in abdominal obesity as measured by waist circumference (WC) has also been reported in the USA ([@B3]). Age-adjusted, mean WC increased from 96.0 cm to 100.4 cm in men and from 89.0 cm to 94.0 cm in women between an initial measurement within 1988-1994 and a later measurement in 2003-2004 ([@B3]). Despite the long-term upsurge in obesity measures, patterns in obesity trends vary among time periods and population subgroups. There has been no increase in the prevalences of overweight and obesity among women in the USA since 2000 ([@B4]), and the increase in WC among women in the USA since 1999 has not been significant ([@B3]). A Canadian study in which eight Canadian surveys between 1953 and 1998 were used to describe changes in BMI showed that the distribution of BMI has shifted to the right since 1970-1972, especially among men ([@B5]). Several studies in East Asian countries, including China and Japan, have examined obesity trends based on BMI information and have shown gender and age group differences ([@B6]-[@B9]). Several reports in Korea have been published on obesity trends, but they have only used limited rounds of Korea NHANES (K-NHANES) data ([@B10], [@B11]). Studies examining trends in BMI and WC simultaneously are scarce. This study examined trends in obesity measures using anthropometric data (BMI and WC) from K-NHANES data collected in 1998, 2001, 2005, and 2007.

MATERIALS AND METHODS
=====================

Study subjects
--------------

We obtained data from four waves of the K-NHANES conducted in 1998, 2001, 2005, and 2007 by the Ministry of Health and Welfare of Korea. Information was collected from stratified, multistage probability samples of Korean households representing the civilian, non-institutionalized population. The response rates for the K-NHANES were between a low of 65.8% in 2007 and a high of 86.5% in 1998. Additional details regarding study design and methods are provided elsewhere ([@B12]). The K-NHANES includes a health examination survey for each participant, from which the anthropometric data were derived. A total of 22,995 men and women aged 20+ (7,962 in 1998, 6,572 in 2001, 5,464 in 2005, and 2,997 in 2007) participated in the health examination survey. Of these, we identified 194 pregnant women (69 in 1998, 57 in 2001, 41 in 2005, and 27 in 2007) and excluded them as study subjects.

Anthropometric measurement
--------------------------

BMI (the weight in kilograms divided by square of the height in meters) and WC were used as obesity measures in this study. Although they were conducted in four different years, the same protocols and anthropometric measurement instruments were used for all four waves of the K-NHANES ([@B12]). Body weight was measured to the nearest 0.1 kg on a calibrated balance-beam scale while the participants wore a lightweight gown or underwear. Height was measured to the nearest 0.1 cm in the upright position using a stadiometer. WC was measured to the nearest 0.1 cm at the midpoint between the bottom of the rib cage and the top of the lateral border of the iliac crest during minimal respiration.

Criteria for overweight, obesity, and underweight
-------------------------------------------------

Based on BMI, general overweight (includes obesity, BMI ≥25 kg/m^2^) and general obesity (BMI ≥30 kg/m^2^) criteria for adults as defined by the World Health Organization (WHO) ([@B1]) and the US National Institute of Health ([@B13]) were employed. In this study, the prevalence of overweight includes the prevalence of obesity. We also used 27.5 kg/m^2^ as an additional cut-off for general obesity. In a prior report from a WHO expert consultation, the cut-off point of 27.5 kg/m^2^ was added as a point for public health action ([@B14]). For underweight, we used the BMI cut-off for underweight as defined by the WHO (BMI \<18.5 kg/m^2^) ([@B1]).

For abdominal obesity, we used three different WC cut-off points each for men and women: 102 cm, 94 cm, and 90 cm for men, and 88 cm, 85 cm, and 80 cm for women. Two different levels of WC (102 cm and 94 cm for men and 88 cm and 80 cm for women) for European adults have been suggested as indicators of increased risks for metabolic complications ([@B1]). A recent joint statement on the definition of the metabolic syndrome suggested the use of national and regional cut-offs for WC ([@B15]). The Korean Society for the Study of Obesity (KSSO) proposed 90 cm for men and 85 cm for women as the appropriate WC cut-offs for Koreans ([@B16]).

Statistical analysis
--------------------

Using the R statistical programming language, we presented figures for the distribution of BMI and WC by year, which reveals shifts in obesity measures ([Fig. 1](#F1){ref-type="fig"}). In addition, we employed quantile regression analysis ([@B17]) with the R quantreg package to describe age-specific time trends in obesity measures ([Fig. 2](#F2){ref-type="fig"}). Quantile regression is a type of regression analysis that approximates either the median or other quantiles of continuous variables. This quantile regression analysis can allow us to examine time trends of certain percentile points as well as median values in the BMI and WC distribution. In this study, we presented the age-specific changes at the 15th, 50th, and 85th percentiles. Using SAS (SAS Institute Inc., Cary, NC, USA), we also presented changes in the age-adjusted least square mean and standard error of obesity measures and *P* values for time trends, using regression analysis (PROC SURVEYREG in SAS) after taking account of primary sampling units, stratification, and sample weights for K-NHANES. To present changes in the age-adjusted prevalence of underweight, overweight (includes obesity), and obesity, we employed the direct standardization method with the 2005 Korean Census population as the standard population. Sample weights from the K-NHANES were also considered in this standardization. We used logistic regression (PROC SURVEYLOGISTIC in SAS) to test time trends of the age-adjusted prevalences after taking account of primary sampling units, stratification, and sample weights from the K-NHANES.

RESULTS
=======

[Table 1](#T1){ref-type="table"} shows the number of study subjects by survey year, gender and age group. A total of 22,801 subjects (10,043 men and 12,758 non-pregnant women) participated in four waves of the K-NHANES. [Table 1](#T1){ref-type="table"} also presents the increase in the proportion of the elderly population by year.

[Fig. 1](#F1){ref-type="fig"} reveals changes in the distribution of BMI and WC between 1998 and 2007 among men and women aged 20+. Male BMI shifted to the right year by year whereas female BMI did not. When we include data for the 2001 and 2005 K-NHANES simultaneously, a graded pattern of shift to the right was found in men. Shifts to the right in the distribution of WC between 1998 and 2007 were found in both genders, but the shift in women was less evident than men. When we compared data from the 2001 and 2005 K-NHANES with data from the 1998 K-NHANES, a shift to the right was not found among women (data not shown here).

[Fig. 2](#F2){ref-type="fig"} shows the results of the quantile regression analysis with which we approximated the 85th, 50th, and 15th percentiles of BMI and WC by age among men and women. We found gender differences in the relationship between age and two obesity measures. A linearly rising trend of BMI and WC with age was found among women, but the relationship between age and obesity measures among men was rather convex or flat. We also found a gender difference in the changes in BMI and WC between years. In younger and older men, the 15th, 50th, and 85th percentiles of obesity measures in 2007 were greater than those in 1998, while in middle aged men those percentiles remained similar. However, increased 15th, 50th, and 85th percentiles were only detected among older women, while similar percentiles in obesity measures were noticed in younger age groups.

[Table 2](#T2){ref-type="table"} shows age-specific time trends in least squares means and their standard errors for BMI and WC between 1998 and 2007 among Korean men and women aged 20+. In men, BMI and WC increased year by year (all *P* for trend \<0.001), while in women no significant increases in either obesity measure was detected. However, time trends varied with age group. While no significant changes in BMI and WC were found among women aged 20-39 and 40-59, significant increases were detected in women aged 60+ (all *P* for trend \<0.01). BMI in women aged 20-39 showed a decreasing tendency between 1998 and 2007, which did not reach significant levels (*P* for trend=0.103).

[Table 3](#T3){ref-type="table"} presents trends in age-standardized prevalence of overweight (includes obesity), obesity, and underweight among men and women aged 20+. In men, statistically significant increases in the prevalence of overweight and obesity based on BMI were found. For example, the prevalence of BMI of 30 kg/m^2^ or over was 1.7% in 1998, but increased more than twofold (4.1%) by 2007 (*P* for trend \<0.001). Abdominal obesity in men showed statistically significant increases (for all criteria of ≥102 cm, ≥94 cm, and ≥90 cm). Meanwhile, the age-adjusted prevalence of underweight measured by BMI below 18.5 kg/m^2^ decreased from 4.8% in 1998 to 2.8% in 2007 among men aged 20+ (*P* for trend=0.020). In women, however, no significant time trends between 1998 and 2007 were found. Unlike in men, an increase in underweight (BMI \<18.5 kg/m^2^) was found in women.

[Table 4](#T4){ref-type="table"} indicates trends in age-standardized prevalence of general overweight (includes obesity, BMI ≥25 kg/m^2^), abdominal obesity (using the KSSO criteria: men ≥90 cm, women ≥ 85 cm), and underweight (BMI \<18.5 kg/m^2^) by age groups. The prevalence of general overweight significantly increased with year in all age groups of men (*P* for trend \<0.001). The prevalence of abdominal obesity showed increasing trends in younger (ages 20-39) and older (ages 60+) age groups. Meanwhile, general overweight and abdominal obesity did not increase with year among women aged 20-39 and 40-59, but both showed definite increases among women aged 60+ (all *P* for trend \<0.01). Gender differences in underweight trends were found in those aged 20-39. The prevalence of underweight showed a decreasing tendency from 4.5% in 1998 to 3.2% in 2007 (*P* for trend=0.246) among 20- to 39-yr-old men, but significantly increased with year in the same age group of women (*P* for trend=0.003). No gender differences in underweight trends were detected in other age groups. In men and women, no significant changes in underweight trends were found in those aged 40-59, and increasing trends were detected in those aged 60+.

DISCUSSION
==========

The results of this study showed gender differences in obesity trends. Clear increasing trends in obesity measures (BMI and WC) and associated overweight and obesity prevalences were found among men, but not among women. The distribution of BMI and WC showed shifts toward the right among men between 1998 and 2007. Mean values of BMI and WC and the corresponding prevalence of overweight and obesity showed increasing trends in men, but not in women. Age group differences in obesity measures were also detected. While no significant changes in both mean WC and the prevalence of abdominal obesity were found among men aged 40-59, women aged 60+ showed significant increases in multiple obesity measures, including mean BMI and WC and associated prevalences.

Gender and age group differences in obesity trends have also been reported in East Asian countries. In previous Korean studies using the 1998 and 2001 K-NHANES, an increase in the prevalence of overweight was not evident in women ([@B10], [@B11]). In a prior Japanese study in which National Nutrition Survey data between 1976 and 1995 were used, male BMI, overweight, and obesity showed rising trends, but female BMI decreased and there were no significant changes in the prevalence of female overweight and obesity ([@B9]). Matsushita and colleagues showed a relatively greater increase in male BMI among younger age cohorts than older age cohorts, but the findings among women were the reverse ([@B6]). In a Chinese study using National Health and Nutrition Survey data between 1989 and 2000 ([@B7]), a relatively greater increase in overweight and obesity was found among men than women and no increase in BMI among women aged less than 35 was found. Another Chinese study conducted in Tianjin compared BMI between 1989 and 1996 and found decreasing female BMI ([@B18]).

The results of this study showed an increase in underweight among women aged 20-39. Among this same group, the prevalence of underweight increased significantly between 1998 and 2007, and BMI showed a decreasing tendency. These time trends in young women were the reverse of time trends in young men. According to a Korean study, underweight in adult women was associated with increased mortality, especially from respiratory diseases ([@B19]). Underweight in pregnant women may result in obstetric complications ([@B20], [@B21]), while other recent studies of the impact of maternal underweight on obstetric performance showed different results ([@B22], [@B23]). One explanation for the increased prevalence of underweight among young women might be related to young Korean women\'s engagement in losing weight. According to the recent International Health Behavior Survey of university students in 22 countries, awareness of overweight and attempts to lose weight were highest in Asian countries where body weights are generally low ([@B24]). Furthermore, the proportion of respondents \'trying to lose weight\' was highest in Korean female university students ([@B24]). Another potential explanation would be related to decreased participation rates in K-NHANES during the past decade. The participation rates in K-NHANES have declined steadily since 1998 (86.5% in 1998, 77.3% in 2001, 70.2 % in 2005, and 65.8% in 2007). Survey non-participants especially among young women are likely to be more overweight due to the raised sensitivity about overweight and obesity in the recent decade ([@B25], [@B26]). Participation rates in K-NHANES might have disproportionately decreased especially among young women with high BMI, resulting in relative increases in underweight prevalence in the subgroup analyses.

This study has a limitation. Overweight and obesity trends before 1998 were not explored in our study since the 1998 K-NHANES was the first national survey containing the information on measured anthropometric data for representative Koreans. This study, however, has several strengths. First, we examined trends in BMI and WC simultaneously. Second, we used multiple waves of nationally representative samples and took into account of primary sampling units, stratification, and sample weights from the K-NHANES in our analyses.

The results of our study have important policy implications. First, given the ongoing trend of increasing BMI and WC and associated obesity measures in men, policy efforts to abate overweight and obesity trends among men seems especially important. Second, for women, attention to the increase in overweight and obesity problems among the elderly needs to be prioritized. Third, aside from policy efforts to address the overweight and obesity problems, more national studies regarding potential increases in underweight among young women are warranted.
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Data were from 1998, 2001, 2005, and 2007 Korea National Health and Nutrition Examination Survey (22,801 men and women aged 20+).
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Trends in least square mean (±standard error) values for body mass index and waist circumference
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Data were from 1998, 2001, 2005, and 2007 Korea National Health and Nutrition Examination Survey (K-NHANES) (10,043 men and 12,758 women aged 20+). Regression analyses were employed to estimate age-adjusted least square means (standard errors) of obesity measures and to test time trends of the means, after taking account of primary sampling units, stratification, and sample weights from the K-NHANES.
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Trends in age-standardized prevalence (95% confidence intervals) of overweight (includes obesity), obesity, and underweight
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Data were from 1998, 2001, 2005, and 2007 Korea National Health and Nutrition Examination Survey (K-NHANES) (10,043 men and 12,758 women aged 20+). The 2005 Korean Census population was used as the standard population and sample weights from the K-NHANES were considered in the direct standardization. Logistic regression analyses were employed to test time trends of the age-adjusted prevalences, after taking account of primary sampling units, stratification, and sample weights from the K-NHANES.
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Age-specific trends in age-standardized prevalence (95% confidence intervals) of overweight (includes obesity) and underweight
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Data were from 1998, 2001, 2005, and 2007 Korea National Health and Nutrition Examination Survey (K-NHANES) (10,043 men and 12,758 women aged 20+). BMI refers body mass index and WC refers waist circumference. The 2005 Korean Census population was used as the standard population and sample weights from the K-NHANES were considered in the direct standardization. Logistic regression analyses were employed to test time trends of the age-adjusted prevalences, after taking account of primary sampling units, stratification, and sample weights from the K-NHANES.
